Abstract Refrigerated storage is the simplest method of preserving for short time handling and storage of fish.
Introduction
The eating quality of fish is one of the important attributes that influence the acceptability of fish as food to the consumer. Freshness is one of the most important aspects of fish, and because of consumer preferences, there is a strong tendency to select very fresh fish (Luten and Martinsdottir 1997) . Quality of fish, which depends on the nature of fish species and on the handling and storage conditions (Chotimarkorn 2011; Erkan 2007; Whittle et al. 1990 ), changes after catch due to chemical reaction and microbiological spoilage (Sharifian et al. 2011) . During handling and storage, quality deterioration of fresh fish occurs rapidly and limits the shelf life of the product. Spoilage of fish and shellfish results from changes caused by three major mechanisms (i) the breakdown of tissue by the fish's own enzymes (autolysis of cells), (ii) growth of microorganisms, and (iii) oxidative reactions. The muscle of fish has a very particular organization compared to meat, because it consists of the alternation of muscular sheets called myotomes separated and maintained by the connective tissue. Moreover, myotomes are composed of a large number of individual muscle fibres in a collagen matrix (Chéret et al. 2005) . It is a fact that fresh fish that has been well handled and kept at low temperatures exhibits reduced bacterial growth and other spoilage factors. With the aim of reducing loss in freshness, different preservative methods, such as flake ice (Sharifian et al. 2011) , slurry ice (Losada et al. 2005 ) and chemical addition (Fan et al. 2008 ) have been employed. Refrigerated storage is possibly the simplest method of preserving for short time handling and storage of fish caught. It is widely employed to retain fish properties before consuming or employing in other technological processes. Grouper (Epinephelus coioides), also known Hammor in countries around the Persian Gulf, is one of the main marine fish species in these area. E. coioides is dominant species of groupers in Persian Gulf and mainly is captured by the trap that is named locally Gargoor. In Iran, demand for fresh grouper has been constantly increasing over the past 15 years owing to its high nutritional quality and excellent organoleptic properties. Some research have been done about quality, quality and structure changes of other fish during chilled storage (Őzogul et al. 2006 Ofstad et al. 2006; PonsSánchez-Cascado et al. 2006; Rodríguez et al. 2004; Alasalvar et al. 2001 ), but limited information were about grouper (E. coioides) during refrigerated storage. Therefore, the aims of this study are to determine (1) quality changes (2) changes in microstructure and (3) shelf life of grouper (E. coioides) fillets during refrigerated storage.
Materials and methods
Sample preparation Grouper is selected for this study because of its wide consumption and nutrition value. Experiments were carried out with fresh grouper (Epinephelus coioides), which were caught near the Bandarabbas coast located in southern Iran (March, 2009) . They were transported in isothermal iceboxes to the laboratory 5 h after catching. Fresh grouper of similar weight (0.5-0.6 kg) were selected for each experiment. The fishes were cleaned and filleted. The samples were placed in moisture-impermeable plastic bags (oxygen permeability: 60 cc/m 2 /24), stored in refrigerator (+4°C) and taken for analysis on 0, 4, 7, 10, and 14 days. For chemical analysis, the fillets were minced/mixed by passing three times through a meat grinder with 4 mm diameter holes. All analyses were performed in triplicate.
Sensory analysis The attributes of raw fish fillet were evaluated by a panel of five experienced judges (4 males and 1 female, 26-40 years old) on each day of sampling. Sensory evaluation was conducted in individual booths under controlled conditions of light, temperature and humidity. Sensory analysis was performed according to a scheme from Liu et al. (2010) with some modification for grouper. A 5-point scoring scale was used for quantitative evaluation of overall acceptability (excellent, 5; good, 4; moderately good or acceptable, 3; poor, 2; very poor, 1; putrid, 0). On each sampling day, three random fillets were individually presented to the panel. They were firstly asked to evaluate the odour, appearance and texture of raw fillets in the trays and subsequently tasted the cooked samples after cooking in boiling water for 2 min and finally judged the overall acceptability. Newly-caught grouper was used as reference for sensory analysis each time. The shelf life was defined as the average total sensory score below 2.
Physicochemical analysis
Proximate composition Moisture content was determined by air-drying of a given sample in a thermostat oven (Gallenkamp, HOTBOX, at 105°C for 24 h until constant weight. Ash content was determined by igniting the sample in a muffle furnace at a temperature of 550°C for 6 h. Crude protein was determined by the Macro Kjeldahl method, as described by Reza et al. (2008) . Total lipid was determined by Soxhalet method (AOAC 1995) .
Total Volatile Base Nitrogen (TVB-N) and pH TVB-N content was determined and evaluated as described by Kılınç et al. (2003) by Kjeldahl distillation mechanism and expressed as mg TVB-N per 100 g muscle. The method was based on water vapour distillation and separation of volatile base. The value of pH was determined using a pH meter (HM-205, Japan). The samples were prepared as described by Vyncke (1981) .
Liquid Holding Capacity (LHC) A centrifugation test was performed to evaluate liquid holding capacity (LHC) of grouper fillets, as described by Rørå et al. (2003) . Chopped frozen muscle samples (2 g) were weighed and placed in a centrifuge tube with weighted (V1) filter paper (Whatman, Maidstone, England). Following muscle thawing, the tubes were centrifuged (Hettich universal, Hettich-zentrifugen, D-7200 Tuttlingen, Germany) at 4,000 g for 10 min at 10°C, and the wet paper was weighted (V2) before drying at 50°C to constant weight (V3). The percentage value of liquid loss (LL) was calculated as 100× (V2−V1)/S, where S = weight of muscle sample, water loss as 100× (V2−V3)/S and fat loss as 100× (V3−V1)/S. All losses were expressed as percentage of muscle wet weight.
Microbiological analysis Grouper fillets were taken to estimate total mesophilic counts (TMC) and total psychrophilic counts (TPC). Muscle samples (10 g Microstructure analysis Samples preparations for microscopic analysis were carried out as described by Alizadeh ]et al. (2007), with some modification for grouper fillets, to observe extra-cellular space and fibre shrinking in tissue. For each fillet analyzed, three samples of 5 mm were cut transversally to the muscles fibres, using a blade previously cooled to 4°C, then fixed in Carnoy's solutions (60% absolute ethanol, 30% chloroform and 10% glacial acetic acid, v/v) at 4°C for 24 h. The fixed samples were then brought to room temperature and were dehydrated with absolute ethanol for 2 h. Then, they were placed in a second bath containing a solution made of 50% absolute ethanol and 50% toluene bath overnight and finally left in a pure toluene bath for 4 h. The dehydrated samples were immersed in 3 paraffin/toluene baths containing an increasing proportion of paraffin (25, 50 and 75%) . At least, the samples were immersed for 1 h in a pure paraffin bath kept at 60°C. Finally, each sample was embedded in paraffin using a mould (20×15×15 mm). Samples were cut with a microtome (RMT-30, Radical Microtome, India) in 10μm thick slices. The sections were stained for 5 min in Orange G (0.5% orange G, 1% acetic acid, 98.5% distilled water) for coloration of fibre muscle, and then immersed in a blue aniline (1% blue aniline, 1% acetic acid, 98% distilled water) for 2 min for coloration of collagen. The stained samples were washed with distilled water and sealed on glass plates using mounting with Enthalan (Merck, Germany). The samples were examined in a microscope (CX21FS1, Olympus, Japan) fitted with an Olympus camera (SP-500 UZ, Japan).
Statistical analysis All experiments were done in triplicate. Significant differences between the samples were calculated by SPSS 13.0 for Windows by one-way analysis of variance (ANOVA) using a significance level of P<0.05 by Fisher's Least Significant Differences (LSD).
Results and discussion
Sensory assessment The mean score and standard deviation for overall acceptance of grouper is shown in Fig. 1 . The overall acceptance decreased significantly as a function of storage time (P < 0.05). Fresh sea weedy odour, Milky white pale pinkish, firm texture and no offodours were observed in fresh raw fillets and intense sweetness and meaty flavour were tasted in cooked samples. In Fig. 1 it can be seen that excellent and very good grades were scored during the first 4 days storage while moderate grades were obtained between days 5 and 8 of storage. After that, the quality deterioration was observed as off odours, opaque mucus, pink darkening and texture softening, which limited overall acceptability of raw fillets. The shelf life of grouper fillets stored at 4°C ranged 8-9 days considering fish freshness. Őzogul et al. (2008) found a similar pattern of reduced quality at wild white grouper (Epinephelus aeneus) stored in ice and at chill temperature (4°C) and reported a 16 and 4-day shelf life, respectively, in the iced and chilled samples. Wire-netting reef cod (Epinephelus merra) was sensorially acceptable on the 17th days of storage (Jeyasekaran et al. 2005) Physicochemical assessment Changes in proximate composition of grouper fillets during refrigerated storage is summarised in Table 1 . In fresh fillet, the moisture, protein and fat contents were 79.76, 18.45, and 0.79 g/100 g sample, respectively. These values were almost similar to those found by Luo et al. (2005) , who reported values of 79. 20-79.33, 17.88-18.49 , and 0.66-1.27 g/100 g grouper muscle. Chemical composition of fish can be various greatly depending on species, age, sex, environment, season, feed intake and reproduction cycle (Reza et al. 2008 ). There was no significant (P>0.05) effect of storage time of fish fillet on moisture and ash contents (Table 1) while protein levels showed significant differences (P< 0.05) during days of storage and decreased from 18.45 g/ 100 g at 1st day to 17.46 g/100 g at 14th day. Significant reductions in protein content were also observed during chilled storage of other fish species such as silver jewfish, Bombay duck and ribbon fish (Reza et al. 2008) , yellowtail minced (Munasinghe et al. 2005 ) and croaker muscle protein (Dey and Dora 2010) . The loss of protein in fish during chilled storage was possibly due to leaching of water soluble protein fraction from fish muscle (Reza et al. 2008) . Changes in lipid content of samples were in the range of 0.79-1.17 g/100 g (P<0.05). These variations can be explained by variation of lipid content from fish to fish even within the same fish depending on sex, age, and feeding (Stansby 1962) .
The changes in pH, TVB-N content and LHC of grouper fillets during refrigerated storage are presented in Table 1 . The initial pH of grouper samples was 6.49 and increased to 7.95 at the end of storage. Statistical analysis showed significant differences (P <0.05) between all days of storage. Huss (1988) suggested that the initial post mortem pH of fish varies with species, catching ground and season. During storage, pH increases slightly because of the formation of alkaline compounds as ammonia compounds and TMA, mainly derived from microbial action (Hebard et al. 1982) . In the present study, increase of pH throughout 14 days of storage might be attributed to the formation of basic decomposition products, such as ammonia and trimethylamine produced by endogenous enzymes and bacterial spoilage. Sharifian et al. (2011) found that pH value for tiger tooth croaker stored in ice increased progressively throughout 19 days of storage. Chomnawang et al. (2007) found that the pH value of hybrid catfish fillet increased from 6.41 to 7.07 at the end of storage at 4°C. Jeyasekaran et al. (2005) also reported a significant increase in pH of wire-netting reef cod (Epinephelus merra) during ice storage. It suggested that pH changes during refrigerated storage of fish differed according to the species of fish and other factors (Chomnawang et al. 2007 ). Total volatile nitrogen content (TVB-N) of fish is an indicator of raw material freshness (De Koning 2001) . The average of initial TVB-N content (mg/100 g fillet) for control sample (day 0) was 13.10 mg/100 g and progressively increased to 28.39 at day 10 and to 33.60 mg N/ 100 g muscle at day 14 (P<0.05). TVB-N content in tiger tooth croaker (Sharifian et al. 2011) , red mullet and goldband goatfish (Özyurt et al. 2009 ) stored in ice and wire-netting reef cod (Jeyasekaran et al. 2005) , hybrid catfish (Chomnawang et al. 2007 ) and sardine (Őzogul et al. 2004 ) during refrigerated storage increased with storage time. In the present study, TVB-N value was 28.39 when the grouper was rejected by panellists after 10 days of storage. However, a level of 30-35 mg TVB-N/100 g of fish muscle is usually regarded as spoiled (Huss 1988) . Our results showed that the TVB-N level of between 25 and 30 mg/100 g could be regarded as the limit of acceptability for refrigerated grouper. The results also signified that TVB-N could be used as an indicator of grouper quality, as shown in a variety of fish, such as tiger tooth croaker (Sharifian et al. 2011) , red mullet and goldband goatfish (Özyurt et al. 2009 ) and European eel (Őzogul et al. 2005) .
The changes in fat loss (FL), water loss (WL) and liquid loss (LL) in the grouper fillets lots are given in Table 1 . At the beginning of the storage period (day 0), FL value was 1.25% and increased to 2.60% at day 14 (P<0.05). It was reported that fat loss increases with storage time as occurred in smoked Atlantic salmon fillets due to collagen denaturation (Rørå et al. 2003) . Such an effect was also noted in this study, as FL levels of fillet were affected by storage time. However no correlation was found between muscle fat content and fat loss. Evens and Ranten (1975; cited by Hermansson 1986 ) indicated that the collagen fraction, and not the fat composition, influenced the quantity of fat loss in mammalian muscle. In the same way, Ofstad et al. (1995) on Atlantic salmon, Mørkøre et al. (2002) on rainbow trout and Attouchi and Sadok (2010) on wild and farmed gilthead sea bream did not find any correlation between muscle fat content and fat loss.
The water holding capacity (WHC), and thus the liquid loss, of muscle is regarded as an essential quality parameter and a high WHC is of great importance both to the industry and the consumer. Variations in liquid and water loss were significant (P<0.05), as shown in Table 1 . Initially, the liquid loss of grouper fillets was 12.69% and increased to 23.39% at the end day of storage (day 14). Similar results were found for water loss (WL) of fillets and it remained unchanged at first 7 days (P>0.05) and then sharply increased (P<0.05) until day 14. It was well documented that the liquid-holding capacity of raw muscle decreased with the storage time for several fish species including wild and farmed gilthead sea bream (Attouchi and Sadok 2010) Atlantic salmon (Rørå et al. 2003 ) and rainbow trout (Mørkøre et al. 2002) . The LHC variations were reported to be related to muscle pH increase (Kristoffersen et al. 2006) , detachment of sarcolemma, gaps in the extra-cellular matrix, widening of the intermyofibrillar space, and transversal shrinkage of the muscle fibres (Olsson et al. 2003a ) and other factors such as ionic strength, and temperature (Ofstad et al. 1995; Olsson et al. 2003b) . In the present study, variations in WHC may be explained by the increasing of pH values (Table 1) , gaps in the extra- Microstructure assessment The Fig. 2 shows the microstructure of grouper fillets during refrigerated storage. The muscle fibres of control samples (day 0) demonstrated relatively uniform and regular shapes of the cross section. The slightly extra-cellular space and fibre shrinking were observed after 7 days of storage in comparison to control. These items increase during storage and a deterioration of per-cellular connective tissue was visible after 14 days of storage. In fact, it was very difficult to recognize the muscle fibres after 14 days. The increase of myofibremyofibre detachments with storage time found in our study is in agreement with results of Bahuaud et al. (2008) , Ofstad et al. (2006), and Taylor et al. (2002) . The changes at myofibrils structure are due to natural degradation from proteases and micro-organisms (Chéret et al. 2005) . The effects of proteolysis breakdown are often related to extensive softening of the tissue. Similar results were also observed at sea bass during storage at 4°C (Chéret et al. 2005 ).
Microbial assessment Microbial activity is responsible for spoilage of most fresh fish products. The shelf life of fish products, therefore, is markedly extended when products are stored at low temperatures. Total mesophilic count (TMC) and psychrotrophic count (TPC) were used as microbial indices to evaluate the microbiological quality of grouper fillets during refrigerated storage. Changes at TVC and TPC are shown in Fig. 3 . The initial number of bacteria was low: it indicated that fish used in this study was good. The initial value of TVC (2.81 log cfu/g) was also higher than TPC (1.09 log cfu/g) and showed that fish from tropical and subtropical regions are dominated initially by mesophilic bacteria. Both groups of bacteria increased in number during storage (P<0.05) but TPC increasing was higher than TMC in the final days of storage. On day 10 of storage, TMC and TPC were 6.15 and 7.25, respectively. If 10 7 micro-organisms/g are considered as limiting level of acceptability, the shelf life of grouper was approximately 8-9 days, indicating that sensory analysis of groupers correlated well with microbiological analysis. Microbial analysis was also in agreement with chemical and microstructure analysis. Similar results were reported by Őzogul et al. (2008) for wild white grouper and Koutsoumanis and Nychas (1999) for Mediterranean Bogue. 
Conclusions
The effects of refrigerated storage (+4°C) on microbiological, chemical, sensory and microstructure properties of grouper (Epinephelus coioides) were studied. Grouper stored in refrigerator (+4°C) as sensory, and microbiological results showed that days 5-6 was the beginning of spoilage and the samples were unfit for human consumption after 9 days. Microstructure observation showed that extra-cellular space and fibre shrinking increase after 7 days of storage. In the present study, TMC values remained under the limited acceptability (10 7 cfu/g) until the end day of storage (day 14) and it seems that TMC can not be considered as a good microbial spoilage index during refrigerated storage of the grouper. Sensory, physicochemical, microstructure and microbial analysis showed that the shelf life of grouper is approximately 8-9 days during storage in refrigerator.
